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This  work  Is  s  coot inuAC ion  of  the  Investigation  of  vibration  dsnping  treatments 
for  thick  plates  of  submarines.  It  was  shoun  previously  that  the  daBq;>ing  of 
steel  bars  by  traatnants,  each  of  which  consisted  of  a  constrained  layer  of 
chroeuitad  felt  sad  a  constraining  layer  of  aluminissf  asdiibited  a  maximum  at 
about  75*  to  8S*P.  Damping  fell  off  sliarply  at  temperatures  below  or  above 
this  range.  The  objectives  of  this  work  were  to  determine  the  cause  of  this 
behavior,  and  to  find  other  types  of  treatments  yielding  satisfactory  damping 
in  the  temperature  range  of  35*  to  IZO^f. 

It  was  found  that  the  effect  of  tenperature  on  the  dsnping  of  the  treatments 
utilising  chromated  felt  %jes  due  to  the  materials  %ihich  were  incorporated  in 
the  felt,  rather  than  to  the  felt  proper. 

Two  unconstrained  treatments  were  tested  on  3/4  inch  and  l>3/4  inch  thick  steel 
bars.  One  of  these  treatsients.  Type  H,  was  a  nitrile  rubber  vulcanisate. 

The  other  treatment  was  a  plastic  compound,  the  main  ingredient  of  idiich  was 
a  modified  polyvinyl  acetate. 

Higher  average  des^ings  over  the  frequency  range  between  50  and  2000  cps  were 
obtained  at  85^T  with  two  constrained  chrosuted  felt  treatments,  of  a  wei^t 
ratio  of  traatswnt  to  steel  of  0.25,  than  with  the  two  types  of  unconstrained 
treatments  of  0.25  or  0.30  weight  ratios.  It  was  concluded  that  the  two 
unconstrained  treatments  tried  were  not  as  satisfactory  as  the  constrained 
felt  treatments  for  daBq>iog  thick  plates  on  submarines. 
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Wool  Felt,  lapregnated,  Adhesive,  Pressure *8000 it iva  (Symbol  2291)" 

(£}  NAVSHXPTD  MAIE  Itr  10320  <392*6741)  of  2  Jan  1962 

INTIDOUCTION 

1.  Thia  work  is  a  continuation  of  the  investigation  of  damping  treatnants 
for  heavy  plates  of  new  construction  submarines  which  was  authorized  by  the 
Bureau  of  Ships  in  reference  (a)  and  miended  by  references  (b)  and  (c) .  The 
previous  phases  of  the  investigation  %aire  described  in  Bubber  Laboratory 
leports.  Nos.  94*12,  *22,  *23,  *24,  *25,  *27,  *29,  -33,  and  -36. 

2.  The  present  work  deals  principally  with  the  specific  aspects  of  the 
problem  idiich  were  autliorized  by  the  Bureau  in  paragraph  la  of  reference  (b)  , 
namely,  the  effect  of  temperature  on  dcaping  of  3/4  inch  and  1-3/4  inch  thick 
steel  bars  by  constrained  felt  treatments.  In  eddition,  the  damping  of  these 
bars  by  two  unconstrained  treacments,  nmaely,  Typa  H,  and  a  treatment  consisting 
of  a  aK>di£ied  polyvinyl  acetate  compound  were  also  studied.  The  last  mentioned 
phase  of  the  lacraetigation  was  coa^>leted  prior  to  receipt  of  reference  (d) ,  in 
which  the  Bureau  requested  that  the  study  of  the  Type  H  treatment  be  held  in 
abeyance  pending  further  information  concerning  the  program. 
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3.  Encouraging  results  were  obtained  In  previous  work  at  75*  and  85*F  with 
dashing  treatsMnts  baaed  on  constrained  chronated  felt  conforming  to  sped* 
flcatlon  MZL-G-202A1B,  reference  (e)  .  Subsequent  data,  however ,  dioved  that 
the  damping  by  this  type  of  trealanent  fell  off  sharply  below  and  above  this 
narrow  temperature  range  (leport  No.  94*36).  Damping  at  35*  and  120*F  was 
found  to  be  only  about  1/5  to  1/4  of  the  dsaylna  at  75*F  In  the  frequency  band 
of  50  •  2000  cps.  This  behavior  was  considered  to  be  an  undesirable  feature 
of  the  treatments,  as  was  Indicated  In  reference  (f) .  One  of  the  objectives 
of  the  present  study  was  to  ascertain  the  cause  of  the  temperature  sensitivity 
of  the  treatments,  with  the  hope  tiuit  knowledge  of  the  cause  of  the  undesirable 
characteristic  of  the  felt  ml^t  assist  In  remedying  the  objectionable  feature. 

4.  It  was  Indicated  in  Beport  94*36  that  the  pronounced  temperature  sensitivity 
of  tlie  above  treatments  probably  resided  In  the  constrained  chromated  felt  and 
not  In  the  constraining  alvnlnum  layer.  The  chromated  felt  used  In  the  pre* 
vlous  phases  of  the  Investigation  vms  impregnated  with  an  organic  compound. 

It  was  also  coated  on  one  side  with  a  thin  layer  of  a  polymeric  adhesive. 

When  a  constraining  presswe  was  applied  to  the  chromated  felt,  the  adhesive 
was  forced  Into  the  Interstices  of  the  felt.  One  objective  of  this  Investl* 
gatlon  was  to  determine  whether  the  temperature  sensitivity  of  the  treatments 
was  due  to  the  felt  proper,  or  to  the  compounds  Incorporated  In  It.  If  the 
latter  proved  to  be  the  case,  then  Impregnation  of  the  felt  with  the  proper 
compounds  might  Improve  Its  dmiq>lng  at  temperatures  below  and  above  75*  to 
85*F. 

5.  The  second  objective  of  this  work  was  to  find  a  satisfactory  alternative 
treatamnt  for  the  constrained  felt  type  treatxsent  In  the  event  tltat  the  felt 
treatisent  would  not  be  amenable  to  improvement.  This  was  the  purpose  of  the 
tests  of  the  two  unconstrained  treatments,  wlilch  were  mentioned  In 
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paragraph  2.  Thaaa  traatanents  were  aalacCad  for  tha  praaaat  study  baeausa 
thay  had  shorn  promise  in  tha  dcsplng  of  thin  steal  plates,  3/8  loch  thick. 

6.  This  Investigation  has  In  the  past  bean  aimed  at  the  damping  of  pressure 
bulkheads  and  deep  frames,  idilch  have  flat  surfaces  for  easy  application  of 
tha  treatment.  Although  the  dealing  of  tha  pressure  hull  of  a  submarine  Is 
desirable.  It  Is  difficult  to  fit  the  metal  outer  layer  of  a  conatralned-layer 
damping  treatment  to  the  concave  hull  surface.  If  an  efficient  unconstrained 
dmq^lng  traatmant  could  be  found  for  heavy  plates,  it  would  perhaps  make 
economically  feasible  the  dmiplnfl  of  subamrlna  hulls  as  well  as  bulkheads  and 
deep  frames. 


OBSCUITIOM  or  DAIVXHG  TBAlMUTf 

7.  Ihe  tasted  treatments  are  described  In  detail  In  Appendices  1  and  2. 

Appendix  1  lists  the  treatments  ^ich  ware  applied  to  3/4  Inch  thick  steel 
bars;  Appendix  2  lists  those  which  ware  applied  to  1*3/4  Inch  thick  steel 
bars. 

8.  The  treatment  used  as  a  control  In  the  experiments  with  the  3/4  Inch  bars 
was  Treatawnt  200.  That  used  as  a  control  In  the  ej^erlmants  with  the  1*3/4 
Inch  bars  was  Treatment  198.  These  treatments  utilised  a  constrained  layer 
of  chromated  felt,  which  conformed  to  reference  (e) ,  and  a  constraining  layer 

of  aluminuB.  They  arc  tha  best  treatments  developed  to  date  for  these  thicknesses 
of  steel  plate  In  view  of  the  requirement  that  the  treatment  shall  not  wel^  more 
than  25X  of  the  plate  being  daeped. 

9.  Treatment  218  was  prepared  to  find  idiether  or  not  the  dapping  efficiency 
of  Treatment  200  was  dependent  on  the  absorbed  polymeric  material  In  the  felt 
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l«7«r.  TrcAtauat  218  vu  identical  with  Treetnant  200  except  that  Treatment  218 
utilised  felt  with  no  absorbed  polymeric  material.  The  nontreated  felt  was 
obtained  from  the  same  source  as  the  treated  felt,  and  was  the  type  used  by  the 
manufacturer  when  preparing  the  treated  felt. 

10.  Treatments  212,  213  and  214  were  prepared  to  find  how  efficiently  uncon* 
strained  layers  of  Type  H  material  would  dampen  vibrations  in  3/4  inch  bars^ 
Treatments  204,  205,  206  and  207  were  unconstrained  layers  of  Type  H  material 
applied  to  1*3/4  inch  bars.  Type  H  material,  based  on  nitrile  rubber,  was 
originally  developed  to  dampen  vibrations  in  3/8  inch  thick  steel  plates.  The 
recipe  for  this  material  is  given  in  Appendix  3.  It  was  vulcanized  in  the  form 
of  0.63  inch  thick  slabs  wliich  were  cross  V*grooved  with  a  spacing  of  1/2  inch 
between  center  lines  of  parallel  grooves.  The  grooves  were  0.33  inch  deep. 

11.  Treatments  215,  216  and  217  were  unconstrained  layers  of  Compound  384*578 
applied  to  3/4  inch  bars.  Treatments  208,  209,  210  and  211  were  unconstrained 
layers  of  Compound  384-578  applied  to  1*3/4  inch  bars.  Compound  384*578,  based 
on  a  modified  polyvinyl  acetate,  ms  also  originally  developed  for  damping  3/8 

inch  plates.  The  recipe  for  this  thermoplastic  material  Is  given  In  Appendix  3.  Xt 
was  formed  Into  slabs  0.58  Inch  thick  by  laminating  a  number  of  thin  layers  on  a 
calender. 

12.  The  slabs  of  both  Type  H  material  and  Compound  384*578  weighed  4*1/2  pounds 
per  sipiare  foot.  Tlie  slabs  were  cemented  to  the  steel  bars,  and  to  each  other 
when  more  than  one  layer  was  applied,  by  means  of  an  epoi^  resin,  Chemlock  301, 
which  hardene  at  room  teaiperature .  One  to  four  layers  of  either  one  of  the 
two  damping  compounds  were  applied  to  the  1-3/4  inch  thick  steelbars,  and  one 
or  two  layers  bo  the  3/4  Inch  thick  bars.  The  purpose  of  the  multilayer  treat¬ 
ments  was  to  study  the  effect  of  treatment  thickness  on  damping,  within  the 
maxlnum  weight  limit  for  treatments  as  established  by  the  Bureau.  This  limit 

is  2SX  of  the  weight  of  the  submarine  plates „  This  limit  corresponded  to  the 
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to  the  Height  of  four  leyeri  of  the  two  deng>lng  treatnente  on  1-3/4  loch  thick 
bare.  The  limit  wee  slightly  exceeded  when  two  layers  were  spplled  to  3/4  Inch 
thick  bars.  The  weight  ratio  In  this  instance  was  0*3Q. 

13.  It  Is  not  practical  to  apply  danplng  traataants  to  both  sides  of  the  hull 
plating  of  subnarines.  For  this  reason,  only  test  assemblies  with  one-sided 
application  of  the  doping  compounds  ware  tested  on  the  1-3/4  inch  thick  steel 
bars.  The  3/4  inch  thick  plates  are  located  in  the  interior  of  the  sixboarine, 
and  thus  lend  themselves  to  two-sided  applications.  Consequently,  both  one¬ 
sided  and  two-sided  treatments  were  tested  on  the  3/4-lnch  thick  steel  bars. 

TSgTIHC  PBOCEDUBBS 

14.  The  felt  treatments,  Treatments  200  and  218,  were  tested  over  the  tempera¬ 
ture  range  of  35^  to  120*F.  The  treated  bars  were  placed  in  a  cluuaber  where  the 
temperature  was  owlntalned  within  tl*F  of  the  desired  level.  The  bars  were 
conditioned  at  each  teaq>eraturc  for  a  minimum  of  two  hours  before  measuring 
damping.  An  Initial  constratoing  pressure  of  40  psl  was  applied  to  the  treat¬ 
ment  at  room  teB^>erature8  prior  to  these  measurements.  The  treatment  was  not 
disturbed  in  the  course  of  the  tests,  as  the  temperature  was  varied.  The 
hoisogeneous  treatments  were  conditioned  for  a  mlntamaa  of  16  hours. 

15.  Appendix  4  is  a  diagram  of  the  instrument  arrangement  used  for  measuring 
damping.  The  measuring  procedure  was  described  in  detail  in  ieport  94-36. 
Briefly,  it  was  as  follows:  the  test  bar  with  the  applied  treatment  was  suspended 
horisontally  from  an  edge  of  the  bar  at  two  attachment  points  by  means  of  a 
light  rope.  An  electromagnetic  oscillator,  which  served  to  excite  vibrations  In 
the  test  a8seBd>ly,  was  connected  to  one  end  of  the  bar,  and  an  accelerometer  to 
the  other  end.  The  frequency  of  the  oscillator  was  gradually  Increased  until 
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the  response  of  the  accelerometer  Indicated  a  resonance  for  the  bar  assembly. 
The  drive  to  the  oscillator  was  then  shut  off  by  means  of  a  relay »  and  the 
decaying  vibration,  as  detected  by  the  accelerometer,  was  displayed  on  the 
Memoscope.  Dssiplng,  C,  expressed  as  percent  of  the  critical  dasiplng  Cq,  was 
calculated  according  to  the  following  formula: 

idiere  K  ■  a  constant  which  Includes  calibration  factors  of  the  Instru¬ 
ments  used. 

A  ■  attenuation  angle  of  the  logarithm  of  the  soplltude  signal  on 
the  Menuscope. 

T  "  sweep  time  of  the  Memoscope,  In  seconds. 

F  ■  vibration  frequency  of  the  test  bar.  In  cycles/seconds. 

16.  Damping  measurements  were  tsade  only  over  the  frequeiury  range  between 
about  50  and  3000  cps. 


IMULTS  AND  DISCUSSION 

17.  The  results  of  the  tests  are  tabulated  In  Appendices  1,  d  and  S.  Selected 
data  are  graphed  In  Appendices  6,  7  and  8.  The  dsnping  values  over  the  fre¬ 
quency  band  of  50  to  2000  cps  were  averaged.  These  averages  are  referred  to 
hereunder  as  "average  damping^'. 

18.  Treatment  200,  which  utilized  chromated  felt,  e:dilblted  a  sharp  maximum 
dssiplng  at  75°  to  85°F.  This  was  evident  from  the  values  for  average  damping 
as  well  as  from  the  width  of  the  frequency  range  at  which  damping  was  equal 

to  or  greater  than  5X  appendices  5  and  6.  By  contrast,  the  average  dampings 
for  Treatment  218,  which  utilized  nontreated  felt,  remained  practically  constant 
between  35°  and  120°F,  and  damping  was  substantially  lower  than  for  Treatment 
200,  Appendix  6.  Indeed,  it  was  only  slightly  above  the  damping  level  obtained 
with  untreated  steel  bars. 
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19.  It  is  concluded  from  theae  data  that  the  pronounced  temperature-aensltivlty 
eidiiblted  by  damping  treatamnta  baaed  on  conatralned  chromated  felt  la  due  to 
the  addltivea  to  the  felt  rather  than  to  the  felt  proper.  Thla  temperature 
aenaltlvlty  la  preaianably  related  to  marked  changea  in  the  viscoaitiea  of  the 
additivea  with  temperature.  The  chromated  felt  ia  aoft  and  sticky  above  about 
100*^F,  but  appreciably  atif..cr,  and  nonaticky  below  50*F.  It  ia  believed  thet 
aatiafactory  dasiping  probably  can  be  obtained  with  treated  felt  over  the 
temperature  interval  of  35*  to  120*F.by  the  aubatitution  of  suitable  additives 
for  the  compounds  which  are  now  incorporated  into  the  chromated  felt.  Such 
additives  aiust  show  only  small  variations  in  their  viscosities  at  temperatures 
between  35*  and  120*F. 

20.  The  tiro  unconstrained  tree&aents  were  tested  only  at  85*F.  Average 
dampings  of  theae  treatments  and  maximum  damping  betwaan  50  and  3000  cps  were 
approximately  proportional  to  the  number  of  treatment  layers  applied,  and  to 
the  weight  ratios  of  treatment  to  steel.  Appendices  1  and  2.  These  relations 
held  in  the  case  of  the  one-sided  applications.  Lower  damping,  however,  was 
obtalnad  idien  one  treetment  layer  was  applied  to  each  of  the  two  faces  of  the 
steel  bar,  than  when  two  layers  were  applied  to  one  face  of  the  steel  bar. 

This  is  indicated  by  the  data  for  Treatments  213  end  214,  end  for  Treatments 
216  and  217,  Appendix  1. 

21.  In  the  case  of  3/4  inch  thick  steel  bars,  the  chreawted  felt  treatment  200 
with  a  wei^t  ratio  of  only  0.23  was  superior  even  to  the  unconstrained  treat- 
Bwnts  213,  214,  216  and  217,  with  a  weight  ratio  of  0.30.  This  superiority 
manifested  itself  in  average  dmsping,  and  in  the  width  of  the  frequency  band  over 
which  damping  was  equal  to  or  greater  than  51  of  critical  damping,  as  indicated 
by  the  data  of  Appendix  1. 
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22.  The  superiority  of  the  constrained  chromated  felt  Treatment  200  over  the 
unconstrained  treatments  manifested  Itself  also  In  the  frequency  range  at  which 
high  damping  occurred.  The  principal  noise  In  submarines  Is  presumably  of  low 
frequencies .  Damping  at  low  frequencies  would  be  more  desirable  than  dancing 
at  high  frequencies.  The  damping  obtained  with  Treatment  200  In  the  low 
frequency  band  between  50  and  500  cps  ranged  from  6%  to  9X  of  critical  as  In¬ 
dicated  In  Appendix  7.  The  corresponding  damping  obtained  with  Treatment  21A, 
the  beat  of  the  unconstrained  treatments,  was  only  0.3X  to  2.5%  of  critical. 
Damping  equal  to  or  greater  than  5X  of  critical  was  obtained  with  this  treatment 
only  at  the  higher  frequency  range  of  650  to  1800  cps . 

23.  The  superiority  of  the  constrained  chromated  felt  treatment  over  the 
unconstrained  treatments  Is  also  evident  In  the  case  of  the  1-3/4  Inch  thick 
steel  bars,  as  Indicated  by  the  data  of  Appendix  2,  and  the  graphs  of  Appendix  8. 
On  these  graphs  were  plotted  the  results  which  were  obtained  with  Treatment  l!^ 
and  with  the  two  best  unconstrained  treatments  applied  to  1-3/4  Inch  thick 
steel  bars.  The  superiority  of  the  constrained  felt  treatment  Is  Indicated 

by  Its  higher  average  damping,  and  by  Its  higher  damping,  from  5X  to  7X  of 
critical.  In  t le  low  frequency  range  between  50  and  300  cps.  The  damping  of 
Treatment  207  In  this  frequency  range  was  only  from  0.3%  to  2.5X. 

24.  Previous  tests,  wherein  Type  H  treatsient  was  applied  to  3/8  Inch  thick 
steel  discs,  showed  maximum  average  damping  at  90*F  In  the  temperature  Interval 
between  30*  and  90*F,  and  for  frequencies  up  to  about  2000  cps.  Report  Mo.  94-31. 
Average  damping  at  90*F,  a  temperature  only  slightly  above  the  temperature  at 
which  this  treatment  was  tested  In  the  present  work,  was  approximately  twice 

as  large  as  at  50*  and  30*F.  In  view  of  this  behavior.  It  was  concluded  that 
Type  H  treatment  was  not  likely  to  yield  satisfactory  damping  of  thick  steel 
plates  throughout  the  temperature  range  of  35*  to  120*F.  Consequently,  no 
damping  tests  were  conducted  with  this  treatment  at  temperatures  other  than  85*F. 
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25.  It  was  noted  that  the  unconstrained  polyvinyl  acetate  treatments  tended 
to  sag  when  the  temperature  was  raised  to  120*?.  Manifestly,  this  material 
was  not  suitable  for  service  at  moderately  high  temperatures . 

COMCLUSIOMS 

26.  The  results  obtained  In  this  work  led  to  the  following  conclusions: 

a.  The  pronounced  effect  of  temperature  on  the  damping  behavior  of 
treatments  consisting  of  a  constrained  chromated  felt  and  a  constraining 
alumlntjm  layer  Is  due  to  the  behavior  of  the  compounds  Incorporated  Into 
the  felt,  or  deposited  on  Its  surface,  rather  than  to  the  felt  proper. 

b.  Unconstrained  treatments  prepared  from  either  Type  H  compound,  a 
nitrile  rubber  vulcanlzate,  or  from  stock  384>587,  a  compound  of  a 
modified  polyvinyl  acetate,  are  less  satisfactory  for  damping  thick 
submarine  steel  plates  than  constrained,  chromated- felt  treatments. 

FUTURE  WORK 

27.  It  Is  clear  from  the  work  performed  that  In  order  for  felt  to  be  useful 
In  constrained-layer  damping  treatments.  It  must  be  Impregnated  with  some  vis¬ 
coelastic  material  which  has  lower  temperature  sensitivity  than  the  materials 
now  used  In  chromated  felt .  It  is  planned  to  Investigate  impregnates  made 
from  materials  such  as  silicone  rubber  whose  properties  are  known  to  be  rela¬ 
tively  Insensitive  to  temperature  within  the  range  of  35*  to  120*F.  It  is  also 
planned  to  Investigate  the  use  of  solid  viscoelastic  materials  for  constrained 
layers . 

28.  An  attempt  will  be  made  to  correlate  the  damping  efficiency  of  the  con¬ 
strained  layer  with  Its  dynamic  spring  rate  and  loss  factor.  If  this  can  be 
done.  It  will  greatly  facilitate  the  evaluation  of  candidate  materials  for  the 
constrained  layer . 
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DESCRIPTION  OF  DAMPING  TREATMENTS  AND  DAMPING  OF  68  x  4  x  3/^ 


Treatment 

No. 

Damping 

Material 

Mode  of  Treatment  Application 

200 

1/4  Inch 

chromated 

felt 

Constrained  felt  and  1/2  Inch  thick  aluminum 
constraining  layer  applied  to  one  side  of 
steel  bar.  Initial  constraining  pressure  - 
40  psl 

218 

1/4  Inch 

nontreated 

felt 

Constrained  felt  and  1/2  Inch  thick  aluminum 
constraining  layer  applied  to  one  side  of 
steel  bar.  Initial  constraining  pressure  - 
40  psl 

212 

213 

214 

Type  H* 

Type  H 

Type  H 

1  layer  on  one  side  of  steel  bar 

2  layers,  one  on  each  si2e  of  steel  bar 

2  layers  on  one  side  of  steel  bar 

215 

216 

217 

384-578** 

384-578 

384-578 

1  layer  on  one  side  of  steel  bar 

2  layers,  one  on  each  side  of  steel  bar 

2  layers  on  one  side  of  steel  bar 

*  Unconatralned  treetnent 
**  Unconatralned  treatment 

.  Thickness  of  each  applied  layer  was  0.63  Inch 
.  Thickness  of  each  applied  layer  was  0.58  Inch 

Nominal 
Weight  Ratio 
of  Treatment 
to  Steel 


0.23 


0.23 


0.15 

0.30 

0.30 

0.15 

0.30 

0.30 


EATKENTS  AND  DAMPING  OF  68  x  4  x  3/4  INCH  STEEL  BARS  AT  85*F 


Nominal 

Average  Damping 

Frequency  Range 

Weight  Ratio 

Over  Frequency 

Over  Which 

Maximum 

t  Application 

of  Treatment 

Band  of 

Dsnping  was 

Damping 

to  Steel 

50  •  2000  cps 

5%  ~  or  Greater 

1  £- 

Co 

7.  £- 

Cq 

cps 

Co 

inch  thick  aluminum 

0.23 

6.9 

50  -  1700 

8.9 

ad  to  one  slJe  of 
training  pressure  - 


inch  thick  aluminum 

0.23 

0.7 

none 

1.8 

ad  to  one  side  of 

training  pressure  - 

teel  bar 

0.15 

1.4 

none 

2.9 

la  of  steel  bar 

G.30 

2.0 

1650  -  2250 

5.5 

iteel  bar 

0.30 

4.2 

600  -  1750 

9.6 

teel  bar 

0.15 

0.7 

none 

1.1 

le  of  steel  bar 

0.30 

1.2 

none 

2.2 

Iteel  bar 

0.30 

1.6 

2050 

5.0 

;ed  layer  was  0.63  inch, 
.ed  layer  was  0.58  Inch. 


DESCRIPTION  OF  DAMPING  TREATMENTS  AND  DAMPING  OF  96  x  6  x  1-3/4  INCl 


Hosinal 

Treatment 

Damping 

Reight  Ratio 

No. 

Material 

Mode  of  Treatment  Application 

of  Treatment 
to  Steel 

198  1/4  inch 

chromated 
felt 


Constrained  felt  and  l>l/4  Inch  thick 
aluminum  constraining  layer  applied  to  one 
side  of  steel  bar.  Initial  constraining 
pressure  -  40  psi 


0.25 


204 

Type  H* 

1 

layer  on  one  side  of  steel  bar 

0.065 

205 

Type  H 

2 

layers  on  one  side  of  steel  bar 

0.13 

206 

Type  H 

3 

layers  on  one  side  of  steel  bar 

0.19 

207 

Type  H 

4 

layers  on  one  side  of  steel  bar 

0.26 

208 

384  -  578** 

1 

layer  on  one  side  of  steel  bar 

0.065 

209 

384  -  578 

2 

layers  on  one  side  of  steel  bar 

0.13 

210 

384  -  578 

3 

layers  on  one  side  of  steel  bar 

0.19 

211 

384  -  573 

4 

layers  on  one  side  of  steel  bar 

0.26 

*  Unconstrained  treatment . 

**  Unconstrained  treatment. 


Tlilckness  of  each  applied 
Thickness  of  each  applied 


layer  was  0.63  inch, 
layer  was  0.58  inch. 


JNTS  AND  DAMPING  OF 

96  X  6  X  1-3/4  INCH 

STEEL  BARS  AT  85‘ 

F 

Honlnal 

Average  Damping 

Frequency  Range 

Height  Ratio 

Over  Frequency 

Over  Which 

Maximum 

>pllcatlon 

of  Treatment 

Band  of 

Dsaping  was 

Damping 

to  Steel 

50  -  2000  cps 

5%  ^  or  Greater, 

Co 

cps 

L/4  inch  thick 

0.25 

4.7 

50  -  550 

8.9 

lyer  applied  to  one 

:ial  constraining 

itcel  bar 

0.065 

0.8 

none 

2.5 

steel  bar  « 

0.13 

1.8 

none 

3.9 

steel  bar 

C.19 

2.5 

700  -  1000 

7.5 

steel  bar 

0.26 

3.3 

400  -  850 

10.4 

iteel  bar 

0.065 

0.3 

none 

0.9 

steel  bar 

0.13 

0.6 

none 

1.4 

steel  bar 

0.19 

1.0 

none 

2.7 

steel  bar 

0.26 

1.8 

none 

3.3 

.ed  layer  was  0.63  inch, 
.•d  layer  was  C.58  Inch. 
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BBCIPBS  FOR  UNCONSTRAINED  DAMPING  TBKAIMENTS 


Tvoe  H  CoDDOund 

CoMDOund  384-578 

Paracrll  18-80 

100 

Galva  M-7-V100R  0K>dl£led 

Atanlte 

100 

polyvinyl  acatata) 

100 

HlSil  233 

10 

Graphite »  No.  2  Flake 

120 

Thatmoguard  H 

15 

Aroclor  1248 

100 

Palletax 

2 

Thermoguard  H 

5 

Protox  166 

5 

ELA  (lubricating  agent) 

1 

Staaric  acid 

2 

Chlorowax  70 

50 

Naoaona  D 

1 

Thlonex 

0.5 

Dyphos 

2 

Sulfur 

2 

CUBE 


10  mioutes  at  320 *F 


SOttMATIC  LAYWr  OF  mSTPWeKTiff  ION  USED  TO  EVALUATE  DAMPING  TREATMENTS 


4 


Relay  interrupts  output  of  oscillator  and  simultaneously  triggers  scope 


EFFECT  OF  TEHFBIATDBE  OH  OAMPING  OF  3/4  INCH  THICK  STEEL  A  TREATMENT 

UTILIZING  CBRflMAIRO  FELT  AND  BY  A  TREATMENT  UTILIZING  NONTREATED  FELT 


Tenperatur* 

°F 


Average  OMaplng  Over  the  Frequency 
Band  of  50  -  ZOOO  cps 

%  SL 

_ Cg _ 

Traataent  200*  Treatnant  2IS* 

Cona trained  Constrained 

Chronated  Felt  Montreated  Felt 


Frequency  Range  Over 
Which  Oaiaplng  of 
Treatment  200  was 
SX  ^  or  Greater** 
cps 


35 

1.6 

1.0 

none 

55 

3.0 

0.9 

1400  -  1750 

74 

6.5 

0.7 

50  -  1250 

85 

6.9 

0.7 

50  •  1650 

95 

3.7 

0.6 

50  -  150 

107 

3.1 

0.7 

50 

120 

1.9 

0.8 

none 

*  Initial  constraining  pressure  was  40  psl. 

**  Onqplng  by  Treatment  208  was  below  5%  ^  at  all  temperatures  and  frequencies 

*'0 

surveyed,  except  for  a  sharp  peak  at  35*F  which  occurred  at  a  frequency  of 
2419  cps.  Damping  In  this  Instance  was  7.9X 

Co 
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